In the present work, surface modified nanocomposite adsorbents polythiophene (PTh)/rice husk ash (RHA) have successfully been synthesized in the presence of hydroxyl propyl cellulose (HPC) and sodium dodecyl benzene sulfonate (DBSNa) as surfactants. The synthesized nanoparticles were characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM) and
INTRODUCTION
Lead (Pb(II)) is one of the most toxic and carcinogenic heavy metals and has detrimental effects on the environment and human health (Bradl ) . Pb(II) ions enter into water sources from mining, metallurgical processes, metal plating and gasoline industries, which can impose side effects on human blood circulation and nervous system, kidneys, and reproductive system, even at small concentrations of 15 μg/L (Yasar et al. ; Vatani & Eisazadeh ) . Many efforts have been performed to remove these toxic heavy metals from water sources in order to provide high quality water. In this regards, processes including membrane filtration, ion exchange, electrocatalytic separation and adsorption were applied (Barakat ; Lee et al. ) . However, among all methods, adsorption gained much attention from environmentalists due to simplicity, good quality and lower costs (Ali & Gupta ; Ren et al. ) . Several materials have been applied as adsorbents; for instance, carbon nanotubes, zeolites, biopolymers, modified nano-sized adsorbents and dendrimers (Theron et al. ; Miretzky & Cirelli ) . In a wide range of applications, conductive polymers including polyaniline, polyacetylene, polypyrrole, and polythiophene (PTh) have attracted the researchers all over the world to be used as rechargeable batteries (Li et al. ) , electromagnetic interference shielding (MacDiarmid & Epstein ), antistatic coatings (Ohtani et al. ) , gas sensors (Matsuguchi et al. ) , optical devices (Falcão & de Azevêdo ) and removal of heavy metals (Eisazadeh ; Ghorbani et al. ) .
In recent years, PTh has attracted much attention in many scientific studies due to chemical stability in air/humid environments. A noticeable point in application of conductive polymers is their processability, which provides best efficiency when composite materials are generated using these polymers as the base matrix (Ghorbani & Eisazadeh ) . On the other hand, natural lignocellulosic fibers are gaining attention as filler phase in polymer matrices. Low density, reduced processing machinery wearing, and their reactive surface could be mentioned as attractive points, together with their abundance and low price. In fact, natural nanoparticles and especially particles from natural waste materials are very interesting to use in polymer composites. Silica nanoparticles mostly achieved from rice husk, rice straw, sugarcane bagasse etc. are much investigated for adsorption purposes. In other words, using these particles in polymer blends and composites is very conventional and it can add some new properties to the polymer matrix.
Xiang Li et al. has studied PTh as a fiber coating for solid-phase microextraction (Li et al. ) and Ansari et al. used PTh-sawdust nano-biocomposite for basic dye removal (Ansari et al. ) . However, to the best of our knowledge, there are no publications on application of modified PTh/rice husk ash (RHA) with hydroxyl propyl cellulose (HPC) and dodecyl benzene sulfonate (DBSNa) nanocomposite as sorbents for heavy metal ion removal.
In the present study, PTh was used as the base matrix and RHA was added to the matrix during the polymerization process. Surface modification of rice husk was employed in order to obtain a mesoporous structure for rice husk and increasing of specific surface area. It could also enhance the adsorption efficiency of Pb(II) heavy metal ion from aqueous solution. The resulting adsorbents were analyzed properly and adsorption experiments were carried out to compare and prove the applicability of the sorbents.
MATERIALS AND METHODS

Materials
Thiophene monomer and ferric chloride (FeCl 3 ) were purchased from Merck (Germany) and used as received. Rice husk was procured from local mill at Savadkooh region (Iran). Hydrogen peroxide and lead nitrate, HPC and sodium DBSNa all were purchased from Merck (Germany) and used as received without further purification. Deionized water was used throughout this investigation and thiophene monomers were purified using distillation.
Preparation of RHA
Rice husk was used after washing with distilled water and drying in an oven at about 60 W C for 2 h. After washing with acetone and sodium hydroxide (0.3 M) to remove contaminants and drying in oven at about 60 W C for 4 h, rice husk was heated up to 500 W C for 5 h in a furnace (Thermolyne 48000, USA) at heating rate of approximately 25-30 W C/min, to obtain RHA.
Synthesis of surface modified PTh/RHA nanocomposite
For preparation of surface modified PTh/RHA nanocomposite, 3 g FeCl 3 was added to 30 mL of water and then uniform solution was achieved using magnetic mixer for 15 min. Then, FeCl 3 solution, 0.2 g of RHA and 0.1 g of surfactant (HPC or DBSNa) were dissolved in 20 mL distilled water and added to the solution of 2 mL thiophene as monomer. 5 mL of hydrogen peroxide was added to the solution as catalyst and the reaction was carried out for 5 h at room temperature. The product was then centrifuged and washed several times with distilled water to remove impurities. Finally, it was dried at temperature of about 60 W C in oven for 24 h.
Characterization
Fourier transform infrared spectrometer (Shimadzu model 4100, Japan) was employed with a resolution of 4/cm (averaging 50 scans) for determination of functional groups. Scanning electron microscope (Philips model XL30, The Netherlands) operating at an accelerating voltage of 26 kV equipped with energy-dispersive X-ray spectrometer (EDS) was used for determination of adsorbents' morphology. Transmission electron microscopy (TEM) was performed using a transmission electron microscope JEOL 200CX operating at 300 kV. Atomic absorption spectrometer (model 929, Unicam) was used to analyze the concentrations of heavy metal ions. Concentrations were determined using calibration of the instrument in the concentration range of 0.5-10 mg/L.
Adsorption study
Completely mixed batch reactor technique was used to remove lead ions from waste water. Solution of Pb(II) ions was prepared by dissolving Pb(NO 3 ) 2 salt and the desired concentrations were obtained by diluting the parent solution. Adsorption experiments were performed by agitating 0.1 g of sorbent with 10 mL of 50 mg/L Pb(II) standard solution at room temperature in a shaker with rotating speed of 300 rpm. At the end of adsorption experiment, the sorbate was filtered and the concentration of heavy metals was determined. All experiments were carried out three times with the standard deviation remaining less than 3% for triplicate experiments. The adsorption capacity of the sorbent was calculated using Equation (1):
where q t is the adsorbent capacity at time t (mg/g), C 0 is the initial concentration of heavy metal ion in the solution (mg/L), V 0 is the initial volume of the solution (L), C t is the concentration of ion at time t, V t is the volume of solution at time t and m is the sorbent mass (g). The equilibrium adsorption capacity of the sorbent can be calculated by inserting the equilibrium values in Equation (1).
In order to investigate the effect of different parameters on the adsorption of Pb(II) ion with the prepared adsorbents, pH, initial concentration, adsorbent amount, time and temperature were varied under batch standard tests using the following procedure:
Effect of pH
To study the effect of pH on adsorption capacity, sodium hydroxide and nitric acid were used to adjust the pH of Pb(II) solutions (50 mg/L) at pH 2, 3, 4, 5 and 6. Then 0.1 g of adsorbent was added to 10 mL of Pb(II) solution and shaken for 2 h at room temperature (25 W C) (Srivastava et al. ). Finally, the sorbate was filtered using Whatman 42, 125 mm filter papers and the concentration of heavy metals was determined.
Equilibrium experiments
Adsorption isotherms were obtained by varying the initial Pb(II) concentration from 50 mg/L to 400 mg/L with 0.1 g of adsorbent in 10 mL solutions with shaking time of 2 h at 25 W C. The percentage removal of lead was expressed as:
where Ce is the concentration of ion at equilibrium
Batch kinetic experiments
The effect of agitation time on Pb(II) removal was investigated by adding 0.1 g of adsorbents into 10 mL solution of 50 mg/L Pb(II) concentration in a 50 mL conical glass beaker with mixing times of 5, 10, 15, 30, 45, 60, 120 and 240 min at 25 W C.
Thermodynamic studies
The temperature of 50 mg/L Pb(II) solution was changed (25, 35, 45, 55 and 65 W C) during adsorption experiments (for the optimum experimental conditions including pH, contact time and adsorbent dosage) to study the thermodynamics of lead ion adsorption on adsorbents. At the end of adsorption experiment, the sorbate was filtered and the concentration of heavy metals was determined. The original concepts of thermodynamics assume that the change in the entropy is the driving force in an isolated system (energy cannot be gained or lost in an isolated system) (Ho ) . The heat of adsorption of the adsorbents, ΔH 0 (kJ/mol), the free energy change, ΔG 0 (kJ/mol) and entropy change, ΔS 0 (kJ/mol K) for the adsorption process can be calculated by fitting the Langmuir constant, K L , to the van 't Hoff equation (Khambhaty et al. ) .
where T is the absolute temperature (K) and R is the universal gas constant (8.314 J/mol K).
RESULTS AND DISCUSSION
Characterization of adsorbents
Morphological characterization of PTh was carried out via scanning electron microscopy (SEM) and TEM methods. Figure 1 illustrates SEM micrographs of RHA, PTh/RHA and PTh/RHA nanocomposite modified with HPC and DBSNa. The porous structure of RHA with micrometric pores and also complete coating of RHA with PTh is clearly observable. This means that the reaction mixture diffuses into the particles and therefore all the RHA inside and outside the particles is coated with the polymer. However, the porous structure and the coatings can be further confirmed with TEM analysis. The effect of PTh surface modification is also clear in the images and the results have good correlation with SEM images of pure PTh modified samples. Surface modification makes particles smaller and more uniform due to the fact that it causes the neutralization of charged particles by covering their surfaces, which ultimately prevents agglomeration (Rosthauser et al. ; Dylla-Spears et al. ). From the results, addition of surfactants leads to the formation of small and uniform particles. TEM was used to determine nano-sized PTh particles which completely coated RHA. Figure 2 shows the TEM image of PTh/RHA nanocomposite. The presence of black spots determines how deep PTh nanoparticles penetrated into RHA matrix without any aggregation. The uniform dispersion of particles is due to presence of HPC and DBSNa that modified the surface of particles and sorted them together in a uniform manner. The average particle size of PTh nanocomposite particles is 65-85 nm.
Chemical structure of the obtained products was determined by Fourier transform infrared spectroscopy (FTIR), which can prove material interactions in the provided samples. Figure 3 shows the FTIR results for RHA, PTh/ RHA and surface modified PTh/RHA with HPC and DBSNa. The details of the observed wavenumbers are completely shown in Table 1 , according to which, C-S-C ring deformation absorbance peak, C-H out of plane and in plane deformation, C-S bond stretching, C¼C ring stretching and vibration, C-H alkene and aromatic stretching vibrations and adsorbed water in KBr were all observed in the FTIR spectra of the samples (Liu & Liu ; Xu et al. ) . The intensity or wavenumber of the peaks slightly shifted in the samples modified with HPC and DBSNa. The reason for this phenomenon is related to the penetration of surfactant in the structure of polymers during the polymerization reaction and change in bonding energies (Cattoz et al. ; Cho et al. ) .
Considering that the most specific material in RHA is silica (SiO 2 ), the peaks which represent the behavior of these bonds are important to prove the existence of RHA in the structure (Manique et al. ) . From the results of FTIR, the Si-H stretching, Si-O-Si in plane deformation peak and Si-OH stretching bonds all appear in the FTIR spectra of PTh nanocomposite with RHA with and without surfactants. Existence of surfactant imposed the same effect as RHA on pure PTh, which results in the observed wavenumber shift and peak intensity change.
In order to perform elemental analysis in the structure of RHA and its nanocomposites with PTh, EDS was employed. According to Figure 4(a) , Si, O and Na are the most abundant elements in the structure of RHA. The amount of these elements is decreased in the nanocomposite due to the covering of RHA by PTh. It is obvious that the peak related to Si element has the highest value in the EDS analysis of the nanocomposite which belongs to the sulfur group in the structure of PTh. Figure 5 , the optimum pH value for Pb(II) ion adsorption for PTh/RHA-based adsorbents was between 3 and 4 with maximum efficiency of 79%, 91% and 96.58% for 
Pb(II) removal studies
Effect of pH
Adsorption isotherms
Adsorption equilibrium isotherms are usually used for the determination of the adsorbent capacity for metal ions removal. The most common types are Langmuir and Freundlich, although others are available: Redlich-Peterson, Toth, Sips and Temkin (Miretzky et al. ) . It is important to note that these models do not reflect any mechanisms of sorbate uptake; the equations are just capable of reflecting the experimental data. The Langmuir model is suitable for monolayer adsorption on a surface, and is expressed as following equation:
where q e is the adsorbed Pb(II) concentration at equilibrium (mg/g); C e is Pb(II) concentration in solution at equilibrium (mg/L); q m is maximum adsorption capacity (mg/g) and K L represents the adsorption energy (L/mg).
The Freundlich model is applied on the basis that stronger binding sites are occupied first and is applicable for the adsorbents with heterogeneous structures (Peláez-Cid et al. ; Iqbal & Khera ). The Freundlich equation can be expressed as:
where K F is related to the adsorption capacity (L/mg). The bigger the K F , the greater the adsorption capacity. In addition, the values of n, which indicate the adsorption driving force, in the range of 1-10, represent good tendency of adsorption (Shahwan & Erten ) .
The effects of indirect adsorbent/adsorbate interactions on adsorption isotherms and variation of heat of adsorption for all of the molecules in the layer with coverage can be represented by Sips isotherm with the following form:
where K S is Sips isotherm constant (L/mg) and q s is the maximum adsorption capacity (mg/g). Adsorption isotherms of Pb(II) ions on PTh/RHA, PTh/RHA/HPC and PTh/RHA/DBSNa, simulated by the three non-linear isotherm models (Langmuir, Sips and Freundlich), are shown in Figure 6 with all the correlation coefficients and constants listed in Table 2 . It can be seen that Freundlich model (R 2 > 0.99) gives a better fit compared to Langmuir for both PTh/RHA/HPC (R 2 ¼ 0.990) and PTh/RHA (R 2 ¼ 0.995). On the other hand, adsorption of Pb(II) ions on PTh/RHA/DBSNa was best described by Langmuir isotherm with R 2 ¼ 0.996. Considering that the Sips isotherm model is a combination of Langmuir and Freundlich isotherms, it is expected that the adsorption of Pb(II) on PTh/RHAbased adsorbents also correlates with this isotherm.
According to the values of correlation coefficients, Sips model had the highest consistency with the experimental data (R 2 > 0.98), which represents that multilayer adsorption was performed on adsorbents with heterogeneous sites and different energies of adsorption. The used adsorbents in this study also have different sites (carbon, silica, sulfur etc.); thus, the reason for good correlation of data with this isotherm is logical. 
Kinetic studies
The pseudo-first-order model and the pseudo-second-order model were adopted to analyze the adsorption kinetics of Pb(II) on PTh/RHA-based adsorbents. The linear forms of the models are as follows:
log(q e À q t ) ¼ logq e À k 1 2:303 t (8)
where k 1 and k 2 are the adsorption rate constants for the first and second order kinetic models, respectively. A plot (Figure 7(a) ) of log (q e À q t ) versus t according to the pseudo-first-order kinetic model gives a straight line at the initial 60 min. However, the pseudo-second-order kinetic model (Figure 7(b) ) is suitable for 120 min of adsorption process.
The adsorption rate constants (k 1 and k 2 ) calculated from the slope and the intercept of linear plots are listed in Table 3 . The consistency of the experimental q e with the one calculated from the pseudo-second-order kinetic model illustrates that the adsorption of Pb(II) onto PTh/ RHA, PTh/RHA/DBSNa and PTh/RHA/HPC, at initial concentration of 50 mg/L, may be controlled by chemical adsorption (Karaoglu et al. ) . In addition, higher K 2 values for PTh/RHA/HPC (0.156/min) compared to PTh/ RHA and PTh/RHA/DBSNa indicates that Pb(II) ion adsorption on PTh/RHA/HPC takes place with higher rates, requiring shorter time to reach equilibrium. Adsorption thermodynamics Figure 8 and Table 4 illustrate the calculated thermodynamic parameters from Equations (3) and (4). From the results, the negative values of ΔG 0 represent the spontaneous adsorption of Pb(II) on PTh/RHA-based adsorbents. Also the negative ΔH 0 shows the exothermic nature of this adsorption and points that the adsorption is more active at lower temperatures. The negative value of ΔS 0 also shows that the efficiency of adsorption decreased by increasing the temperature of solid and liquid interface (Li et al. ; Sheela & Nayaka ).
Adsorption mechanism
The batch adsorption experiments were carried out to investigate the effect of adsorption parameters and the behavior of prepared adsorbents in the removal of Pb(II) ions. Figure 9 indicates a schematic of Pb(II) adsorption mechanism on PTh/RHA-based adsorbents. There are two different mechanisms in the adsorption of Pb(II) on PTh/RHA-based adsorbents: (i) physical adsorption on the surface of PTh or in the pores of the adsorbent and (ii) chemical adsorption through interactions of PTh molecules with Pb(II) ions. RHA has a porous structure that leads to high specific surface area of the adsorbent. Therefore, Pb(II) ions can penetrate through the adsorbent porosity and adsorb on the surface of RHA or PTh. On the other hand, another probable adsorption mechanism occurring on the surface of PTh is via electrostatic interaction of OH groups, bonded to sulfur on the structure of PTh, and Pb(II) ions and chelation or neutralization interactions of sulfur groups and Pb(II) ( 
CONCLUSION
The surface modified PTh/RHA adsorbents were synthesized in the presence of HPC and DBSNa as surfactant to be used for adsorption of Pb(II) ion from waste water. The nanocomposite adsorbents were prepared by coating the RHA substrate with thiophene using the chemical oxidative polymerization method and its capability to remove lead ions from aqueous solution was studied. The characteristics of PTh/RHA-based nanocomposite adsorbents, such as morphology and molecular structure were also investigated. It was found that RHA nanoparticles had an important effect on particle size distribution and morphology of the resulting products. The FTIR spectra confirmed the presence of PTh in the nanocomposite structure. The results indicated that the intensities of peaks are dependent on the presence of silicon dioxide and HPC or DBSNa. Batch adsorption experiments were performed for lead ion removal from aqueous solution. The adsorption characteristics were tested at different pH values, contact times, and initial concentrations of Pb(II). The results can be summarized as follows:
• The percentage removal of lead ions increases with decreasing pH of the solution and an optimum value of approximately 3-4 was achieved.
• Among the synthesized PTh/RHA-based adsorbents, PTh/RHA/HPC had the highest efficiency (96.58%) at pH ¼ 4.
• The Freundlich adsorption isotherm model was better fitted with experimental data for both PTh/RHA and PTh/RHA/HPC in comparison to Langmuir adsorption isotherm models.
• The non-linear Sips isotherm model was best to predict the adsorption of Pb(II) on PTh/RHA/HPC, PTh/RHA/ DBSNa and PTh/RHA nanocomposite with high correlation coefficients (R 2 > 0.98) obtained at a higher confidence level.
• The pseudo-first-order model and the pseudo-secondorder model were adopted to analyze the adsorption kinetics of Pb(II) on PTh/RHA/HPC.
• The consistency of the experimental q e with adsorption capacities calculated from the pseudo-second-order kinetic model illustrates that the adsorption of Pb(II) onto PTh/RHA-based adsorbents, at initial concentration of 50 mg/L, was mainly controlled by chemical adsorption.
On the basis of these results, surface modified PTh/RHA nanocomposites were found to be appropriate for the removal of Pb(II) from the aqueous solution.
